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We have found that the carboxyl
terminus of Wingless/Wnt-1 shares
significant sequence homology with
a lipid-binding domain found in
class I and class II secreted
phospholipase A2 (sPLA2) proteins.
The Drosophila Wingless protein
and its vertebrate ortholog, Wnt-1,
belong to the Wnt family of
secreted growth factors [1]. Wnt
activity is modulated by a number
of extracellular factors, including
cell-surface proteoglycans [2] and
two types of secreted antagonists,
the Frizzled-related proteins [3] and
Dickkopf-1 (Dkk-1) [4]. Lipids
have been implicated in Wnt
signaling before, when Aravind and
Koonin [5] hypothesized that Dkk-1
inhibition of Wnt signaling involves
membrane localization. 
Dkk-1 has been linked to lipids
because of the presence of a putative
colipase fold in the Dkks [5]. The
colipase proteins assist pancreatic
lipases in lipid digestion. When
pancreatic lipases are unable to bind
directly to a lipid interface (for
example, in the presence of bile salts),
colipases function as co-factors,
promoting close contact between the
lipase and the lipid interface. X-ray
crystallographic studies [6,7] of the
colipase–lipase complex have
identified several conserved
hydrophobic residues on the colipase
that contact the lipid interface. The
putative colipase fold present in the
Dkks includes some of these
conserved hydrophobic residues [5].
If Dkks and colipases share functional
as well as structural homology, then
Dkks might be expected to promote
lipid–protein interactions.
The amino acid sequence
similarity between the carboxyl
terminus of Wingless/Wnt-1 and the
lipid-binding region of sPLA2s
further implicates membrane
interactions in Wnt signaling. The
sPLA2 enzymes hydrolyze the
headgroup of specific phospholipids
at the sn-2 position [8]. Four classes of
sPLA2s have been categorized and
the class I and II sPLA2s are highly
conserved [9,10]. Sequence database
analysis using the BLASTP [11,12]
and FASTA [13] programs detected a
50 amino acid region of the class I and
II sPLA2s that is 30–40% identical to
the highly conserved carboxy-
terminal domain of Wingless/Wnt-1.
Figure 1 shows the conservation
between the two protein families, as
assessed using the ‘strong homology’
class of the Gonnet-PAM250 mutation
data matrix [14]. The snake
(Agkistrodon piscivorus piscivorus) class
II sPLA2 (App-K49) and Wingless are
37% identical and 44% conserved in
this 50 amino acid region, while the
bovine pancreatic class I sPLA2 and
Wingless are 28% identical and 35%
conserved. This level of homology
extends to other Wnt-1 proteins
(Figure 1) and is similar among all
members of the Wnt family. 
Within the 50 amino acid region,
important structural features have
been conserved between the two
families. All catalytically active PLA2s
contain two ‘signature’ consensus
sequences [15] that include active-site
residues. One of these signature
sequences, CCXXHXXC (in the
single-letter amino acid code, where
X is any amino acid), is present within
the 50 amino acid region (Figure 1,
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Anatomical structures often
bear the name of their
discoverer but in the case of
one brain structure, the
hippocampus, its striking resemblance
to a sea horse (Hippocampus sp.) was
clearly irresistible to anatomists. The
cross-section of the
hippocampus on the
far left was drawn by
the 19th century
histologist Camillo
Golgi and published
in his Opera Omnia
(Hoepli Editore,
Milan).
The image (which
is shown rotated
through 90°) was
provided by Marina
Bentivoglio, Institute
of Anatomy and
Histology, Medical
Faculty, University of
Verona, Italy.
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